0.11), corresponding to a difference in function scores between joint lavage and control of 0.2 cm on a WOMAC disability sub-scale from 0 to 10. For pain, estimates of effect sizes varied to some degree depending on the type of lavage, but this variation was likely to be explained by differences in the credibility of control interventions: trials using sham interventions to closely mimic the process of joint lavage showed a null-effect. Reporting on adverse events and drop out rates was unsatisfactory, and we were unable to draw conclusions for these secondary outcomes.
Authors' conclusions
Joint lavage does not result in a relevant benefit for patients with knee osteoarthritis in terms of pain relief or improvement of function.
P L A I N L A N G U A G E S U M M A R Y

Joint lavage for osteoarthritis of the knee
This summary of a Cochrane review presents what we know from research about the effect of joint lavage for osteoarthritis (OA) of the knee. The review shows that in people with OA, joint lavage;
-may not improve pain and function compared to a sham treatment or no treatment.
We often do not have precise information about side effects and complications. This is particularly true for rare but serious side effects.
What is osteoarthritis and what is joint lavage
Osteoarthritis (OA) is the most common form of arthritis that can affect the hands, hips, and knees. In OA, the cartilage breaks down and may cause swelling and consecutive pain. OA can occur in different areas of the knee or the whole knee. When the cartilage breaks down, bits of tissue are left around the knee joint, which can add to the inflammation and prevent the joint from working properly.
Joint lavage means to wash out any loose tissue or debris from inside the joint space. It involves temporally inserting small tubes into 1 or more entry points into the knee.
This systematic review discusses three types of joint lavage. Tidal irrigation joint lavage uses only one entry point to alternately inject fluid, and then draw it out. Non-arthroscopic joint lavage uses two entry points, one to inject the fluid and a separate one for the withdrawal of the fluid, but no visual inspection of the knee is performed. Arthroscopic joint lavage is a formal joint lavage in addition to a visually inspection of the knee joints structures as this is done.
S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]
Joint lavage compared with sham intervention, placebo injection or no control intervention for patients with osteoarthritis of the knee 
B A C K G R O U N D
Osteoarthritis (OA) is the most common form of joint disease and the leading cause of pain and physical disability in the elderly (Altman 1996). It is characterised by focal areas of loss of articular cartilage in synovial joints, accompanied by subchondral bone changes, osteophyte formation at the joint margins, thickening of the joint capsule, and mild synovitis. Symptoms include pain, stiffness, and decreased range of motion, limiting daily activities and quality of life.
To manage symptoms of OA, patients and healthcare providers often resort to multiple approaches, including lifestyle modifications, medications such as non-steroidal anti-inflammatory drugs, and physical therapy. When conservative therapy fails to relieve pain, surgery is often recommended. A variety of invasive interventions have been described, including non-arthroscopic and arthroscopic lavage, arthroscopic debridement, corrective osteotomy, and total knee replacement. Non-arthroscopic and arthroscopic lavage are widely used techniques, consisting of rinsing out the knee with up to 10 litres of fluid. Any intra-articular debris, such as micro-or macroscopic cartilage fragments or calcium phosphate crystals which may cause pain or inflammation, were suggested to be flushed out through cannulas (Bradley 2003) .
Joint lavage can be technically grouped into three different categories, according to whether a visual inspection of the knee joint was performed and, in the absence of visual inspection, according to the number of entry sites. In this systematic review we will use the following terms to denominate these categories.
1. Tidal irrigation joint lavage: uses only one entry site for the sequential instillation and withdrawal of the irrigation fluid.
2. Non-arthroscopic joint lavage: two entry sites are used, one for the instillation of the irrigation fluid and one for the withdrawal, but no visual inspection of the knee is performed.
3. Arthroscopic joint lavage: in addition to an arthroscopy of the knee joint, a formal joint lavage is performed. In contrast to arthroscopic debridement, no instruments are used to mechanically debride or remove intraarticular tissue.
In a retrospective case series of arthroscopic lavage (Jackson 2003), more than 50% of patients reported significant relief of symptoms lasting between one and five years. The procedure was most effective when performed during the earlier stages of the degenerative process. An early study comparing lavage and physiotherapy with physiotherapy alone, showed clearly better pain relief in the lavage group, with effects again lasting for up to one year (Livesley 1991). However, results from one randomised controlled trial (RCT) suggested that arthroscopic lavage may not be effective compared to a sham intervention (Moseley 2002).
O B J E C T I V E S
We set out to compare joint lavage with a sham intervention, placebo injections, or a non-intervention control in terms of effects on pain, function, and safety in patients with knee OA.
M E T H O D S
Criteria for considering studies for this review
Types of studies
RCTs or quasi RCTs with a control group receiving a sham intervention to closely mimic the process of joint lavage, placebo injections, or a non-intervention control. We considered trials using an unpredictable allocation sequence as randomised; we considered trials using potentially predictable allocation mechanisms, such as alternation or the allocation of patients according to date of birth, as quasi-randomised.
Types of participants
We included patients with osteoarthritis of the knee. We did not consider trials including exclusively patients with inflammatory arthritis, such as rheumatoid arthritis.
Types of interventions
Arthroscopic and non-arthroscopic, but not open lavage. We excluded arthroscopic debridement, which is covered in a separate Cochrane Review (Laupattarakasem 2008).
Types of outcome measures
Main outcomes were pain and function, as currently recommended for osteoarthritis trials (Altman 1996; Pham 2004). If data on more than one pain scale were provided for a trial, we referred to a previously described hierarchy of pain-related outcomes ( 
Secondary outcomes
Secondary outcomes were the number of patients experiencing any adverse event, patients who were withdrawn or dropped out because of adverse events, and patients experiencing any serious adverse events. Serious adverse events were defined as events resulting in in-patient hospitalisation, prolongation of hospitalisation, persistent or significant disability, congenital abnormality or birth defect of offspring, life-threatening events, or death.
Search methods for identification of studies
Electronic searches
We searched electronic databases of CENTRAL through The Cochrane Library (http://mrw.interscience.wiley.com/cochrane/ ), MEDLINE and EMBASE through the Ovid platform (www.ovid.com), CINAHL through EBSCOhost, all from implementation to August 03, 2009 using a combination of keywords and text words related to lavage combined with keywords and text words related to osteoarthritis and a validated filter for controlled clinical trials (Dickersin 1994). We have presented the search strategy in Appendix 1 and Appendix 2.
Searching other resources
We manually searched conference proceedings, used Science Citation Index to retrieve reports citing relevant articles, contacted content experts and trialists and screened reference lists of all obtained articles, including related reviews. 
Data collection and analysis
Selection of studies
Two review authors independently evaluated all titles and abstracts for eligibility. We resolved disagreements by discussion. We did not apply any language restrictions. If multiple reports described the same trial, we considered all.
Data extraction and management
Two review authors (SR and AR) extracted trial information independently using a standardised, piloted data extraction form accompanied by a codebook. We resolved disagreements by consensus or discussion with a third author. We extracted the exact technique of the experimental intervention, the type of control, the amount of lavage fluid, patient characteristics (average age, gender, mean duration of symptoms), type of pain-or functionrelated outcome, trial design, trial size, duration of follow up, type and source of financial support and publication status. When necessary, we approximated means and measures of dispersion from figures in the reports. For cross-over trials, we extracted data from the first period only, because of possible carry-over effects. Whenever possible, we used results from an intention-to-treat analysis. If we could not calculate effect sizes, we contacted the authors for additional data.
Assessment of risk of bias in included studies
Two review authors (SR and AR) independently assessed randomisation, blinding, and adequacy of analyses (Juni 2001). We resolved disagreements by consensus. We assessed two components of randomisation: generation of allocation sequences and concealment of allocation. We considered the generation adequate if it resulted in unpredictable allocation sequences; mechanisms considered adequate included random-number tables, computergenerated random numbers, minimisation, coin tossing, shuffling of cards, and drawing of lots. We considered allocation concealment adequate if the investigators responsible for patient selection were unable to deduce before allocation which treatment was next; methods considered adequate included central randomisation and sequentially numbered, sealed, opaque envelopes. We considered blinding of the patients adequate if the interventions were explicitly described as indistinguishable. We therefore considered sham interventions used to closely mimic the process of joint lavage adequate, but not mere placebo injections. We considered analyses adequate if all randomised patients were included in the analysis according to the intention-to-treat principle. In addition, we extracted the source of funding and distinguished between nonprofit and commercial funding bodies. Finally, we used GRADE to describe the quality of the overall body of evidence (Guyatt 2008; Higgins 2008), defined as the extent of confidence into the estimates of treatment benefits and harms.
Data synthesis
We summarised continuous outcomes using standardised mean differences (SMD), with the differences in mean values at three months and one year after the intervention across treatment groups divided by the pooled standard deviation. An SMD of -0.20 standard deviation units can be considered a small difference between experimental and control group, an SMD of -0.50 a moderate, and -0. and -0.80 correspond to approximate differences in pain scores between experimental and control groups of 0.5, 1.25, and 2.0 cm on a 10 cm VAS. We back transformed SMDs for function to a standardised WOMAC disability score (Bellamy 1995) ranging from 0 to 10 on the basis of a median pooled SD of 2.1 units observed in large-scale osteoarthritis (Nuesch 2009). We expressed binary outcomes as relative risks. We used standard inverse-variance random-effects meta-analysis to combine the trials (DerSimonian 1986). We quantified heterogeneity between trials using the I 2 statistic (Higgins 2003) , which describes the percentage of variation across trials that is attributable to heterogeneity rather than to chance and the corresponding χ 2 test. I 2 values of 25%, 50% and 75% may be interpreted as low, moderate, and high between-trial heterogeneity, although the interpretation of I 2 depends on the size and number of trials included (Rucker 2008).The association between trial size and treatment effects was investigated in funnel plots, plotting effect sizes on the vertical axis against their standard errors on the horizontal axis. We assessed asymmetry by the asymmetry coefficient: the difference in effect size per unit increase in standard error (Sterne 2001), which is mainly a surrogate for sample size. We performed analyses of the main outcome stratified by the following trial characteristics: type of intervention (arthroscopic versus non-arthroscopic lavage); type of control (placebo or sham intervention versus no intervention); concealment of allocation (adequate versus inadequate or unclear); blinding of patients (adequate versus inadequate or unclear); analysis in accordance with the intention-to-treat principle (yes versus no or unclear); trial size; funding; length of follow up, and differences in the use of co-interventions in the trial groups. A cut-off of 200 allocated patients was used to distinguish between small-scale and large-scale trials. We used univariable random-effects meta-regression models (Thompson 1999) to determine whether treatment effects were affected by these factors. In addition, we included the amount of lavage fluid used as a continuous variable at the trial level in a uni-variable meta-regression. Then, we converted SMDs of pain intensity and function to odds ratios (Chinn 2000) and derived numbers needed to treat (NNT) to cause one additional treatment response on pain or function as compared with control, and numbers needed to harm (NNH) to cause one additional adverse outcome. We defined treatment response as a 50% improvement in scores (Clegg 2006), which corresponds to an average decrease of 1. 
R E S U L T S Description of studies
See: Characteristics of included studies; Characteristics of excluded studies; Characteristics of ongoing studies. We identified 2073 potentially relevant references through our electronic searches ( Figure 1 ) and considered 22 to be potentially eligible. We found two additional references through searches of conferences proceedings and abstracts. One trial would be eligible, but is ongoing (ISRCTN82192623, see Characteristics of ongoing studies 
Risk of bias in included studies
Effects of interventions
See: Summary of findings for the main comparison
Primary outcomes
Knee pain
Seven trials including 275 patients in experimental groups and 292 patients in control groups contributed to the analyses of knee pain. Figure 3 presents results of the analysis, overall and stratified according to the type of lavage. In the overall analysis, joint lavage was not more effective in pain reduction than control interventions (SMD -0.11, 95% CI -0.42 to 0.21). This corresponds to a difference in pain scores of 0.3 cm on a 10 cm VAS between joint lavage and control intervention, and to a difference in improvement from baseline of 5% (95% CI -8% to 18%), respectively (Summary of findings for the main comparison). An I 2 of 65% indicated a moderate to large degree of between-trial heterogeneity (P for heterogeneity = 0.009). A visual inspection of the funnel plot suggested some degree of asymmetry, with smaller, more imprecise trials showing less beneficial results than larger trials (asymmetry coefficient 1.43, 95% CI -1.68 to 4.54), but the test for asymmetry provided little evidence for asymmetry (P = 0.57) ( Figure 4 ). Figure 3 and Table 1 indicate that estimates of effect sizes varied to some degree depending on the type of lavage. The largest effect size was found in tidal irrigation (SMD -0.36, 95% CI -0.78 to 0.07; 2 trials), followed by non-arthroscopic joint lavage with a small effect size (SMD -0.15, 95% CI -1.19 to 0.90; 2 trials), and arthroscopic joint lavage with a trend towards a small harmful effect (SMD 0.21, 95% CI -0.06 to 0.48; 3 trials). The confidence intervals were wide, however, and a test for interaction between benefit and type of lavage was non-significant (P = 0.27). In the additional stratified analyses presented in Table 1 , we found some evidence that the effect size decreases with an increase of the extent and credibility of patient blinding. Figure 5 graphically displays this analysis. There appeared to be a linear trend, with trials with a credible sham intervention showing a null effect of joint lavage (SMD 0.06, 95% CI -0.21 to 0.32), trials with a placebo injection showing a small benefit on average (SMD -0.14, 95% CI -1.19 to 0.91), and the trial with a non-intervention control showing a moderate to large benefit (SMD -0.64. 95% CI -1.17 to -0.11). The P value for trend between extent of credibility of the control intervention and treatment benefit was 0.09. We found little evidence for an association of SMDs with allocation concealment, blinding of patients, intention-to-treat analysis, funding by noncommercial body, and use of analgesic co-interventions. None of the trials had a sample size above 200 patients; therefore we could not assess the impact of this characteristic on estimated treatment effects. In an additional uni-variable meta-regression analysis, we did not find an association between the amount of lavage fluid used and effect size (decrease in benefit per 1000 ml increase in volume of 0.07 SMDs, 95% CI -0.03 to 0.17, P = 0.13). . All three trials used a sham procedure as their control intervention. We found little evidence for a pain reduction as compared with sham intervention (SMD -0.10, 95% CI -0.50 to 0.29, P = 0.60, Figure 6 ), but between-trial heterogeneity was large (I 2 = 72%).
Figure 6. Forest plot of 3 trials comparing the effects of any type of lavage and control interventions on knee pain after one year. Values on x-axis denote SMDs. Function
Five trials including 263 patients in experimental groups and 272 patients in control groups contributed to the analyses of physical function. Figure 7 presents results of the analysis, overall and stratified according to the type of lavage. In the overall analysis, joint lavage showed no improvement in function compared to control interventions (SMD -0.10, 95% CI -0.30 to 0.11). This corresponds to a difference in function scores of 0.4 units between joint lavage and control interventions on a standardised WOMAC disability scale ranging from 0 to 10, and to a difference in improvement from baseline of 7% (95% CI 0% to 15%), respectively (Summary of findings for the main comparison). An I 2 of 28% indicated a small degree of between-trial heterogeneity (P for heterogeneity = 0.24). A visual inspection of the funnel plot suggested little asymmetry, with smaller, more imprecise trials showing less beneficial results than larger trials (asymmetry coefficient 3.19 (95% CI -5.98 to 12.37), but the test for asymmetry provided little evidence for asymmetry (P = 0.37) ( Figure 8 ). Table 2 indicate that estimates of effect sizes varied to some degree depending on the type of lavage. The largest effect size was found in non-arthroscopic joint lavage (SMD -0.43, 95% CI -0.84 to -0.02; 1 trial). Arthroscopic joint lavage and tidal irrigation showed no benefit, with effect sizes of 0.01 for arthroscopic joint lavage (95% CI -0.26 to 0.29; 2 trials) and -0.04 for tidal irrigation (95% CI -0.43 to 0.35; 2 trials). The confidence intervals were wide and a test for interaction between type of lavage and treatment benefit negative (P = 0.43). Table 2 presents additional results from stratified analyses, with some degree of variation of effect sizes across strata, but negative tests for interaction throughout. As for pain, we did not find an association between the amount of lavage fluid used and effect size in an additional uni-variable meta-regression analysis (decrease in benefit per 1000 ml increase in volume of 0.01 SMDs, 95% CI -0.10 to 0.12, P = 0.81). . We found a trend towards more benefit in experimental groups compared to sham intervention (SMD -0.17, 95% CI -0.38 to 0.03, P = 0.09, Figure 9 ), with no between-trial heterogeneity (I 2 = 0%).
Figure 9. Forest plot of 3 trials comparing the effects of any type of lavage and control interventions on function after one year.
Values on x-axis denote SMDs.
Secondary outcomes
The reporting of adverse events and drop-outs due to adverse events was unsatisfactory. Only one trial (Moseley 1996) reported one drop out due to an adverse event in the experimental group because of an acute psychiatric episode of a bipolar disorder. One trial (Ravaud 1999) reported that no serious adverse events had occurred.
D I S C U S S I O N
Summary of main results
In our systematic review and meta-analysis of seven small trials, we found little evidence for a benefit of joint lavage in terms of pain relief and improvement of function in patients with knee osteoarthritis three months and one year after the intervention. For pain, estimates of effect sizes varied to some degree depending on the type of lavage, but this variation might be explained by differences in the credibility of control interventions: trials using sham interventions to closely mimic the process of joint lavage showed a clear null-effect. For functional improvement, we found a statistical trend towards a small benefit of lavage one year after the intervention, which may well be to chance alone. Reporting on adverse events and drop-out rates was unsatisfactory, and we were not able to draw conclusions for these secondary outcomes. In view of the potentially serious adverse effects of an arthroscopy, including joint infection, effusion, hemarthrosis, deep vein thrombosis and thus prolonged hospitalisation, adequate reporting of safety outcomes is highly recommended. Since the accumulated number of serious adverse events may be too low in RCTs of the size observed in this review, alternative sources of safety information may be used, including large case series of consecutive patients or administrative databases.
Quality of the evidence
The quality of this review is limited by the small numbers of studies included, the low number of randomly assigned patients involved and the poor reporting quality. We aimed at including all possible types of joint lavage compared with all types of control interventions. The large heterogeneity observed after pooling all trials could therefore be related to either variation of effects with the type of lavage or with the type of control intervention. Our results indicate that the type of control intervention is a more likely source of variation: trials with credible sham interventions and adequate blinding of patients showed a null effect and benefits of the intervention increased with less stringent or lacking blinding of patients. This is consistent with the findings of a meta-analysis on determinants of the placebo effect in randomised controlled trials in osteoarthritis, which found that the pain relief increased when the placebo was applied invasively (Zhang 2008). A surgical sham intervention may be considered the most powerful placebo.
Potential biases in the review process
We based our review on a broad literature search. Even though we cannot exclude potential publication bias, it seems rather unlikely that we missed relevant trials (Egger 2003). Two review authors performed selection of trials and data extraction independently to minimise bias and transcription errors (Gøtzsche 2007; Tendal 2009). The use of different instruments to measure joint pain and function made it necessary to calculate SMDs as a common measure of effectiveness to ensure comparability between outcomes assessed with different instruments. Poor correlation or differences in responsiveness of different instruments may be a potential threat to the validity of results (Puhan 2006).
Agreements and disagreements with other studies or reviews
We are unaware of any systematic review or meta-analysis addressing the topic of our review. The most prominent trial included in our analysis was Moseley 2002. This trial allocated patients with knee osteoarthritis to one of three arms, arthroscopic lavage, arthroscopic debridement or a sham intervention, and found effects of both interventions to be null or slightly harmful. The trial was subsequently criticised because of baseline imbalances and its limited power (Laskin 2005). Our overall results are fully concordant with Moseley 2002's results however, and -in terms of the estimated effect of debridement -also recently confirmed by Kirkley 2008, who compared arthroscopic debridement with a non-intervention control in 178 patients and found no evidence of a benefit of debridement.
A U T H O R S ' C O N C L U S I O N S
Implications for practice
Joint lavage does not result in a relevant benefit for patients with knee osteoarthritis in terms of pain relief or improvement of function. Insufficient numbers of patients have been studied to exclude the potential for serious adverse events such as joint infection, effusion, hemarthrosis, or deep vein thrombosis. Joint lavage should be discouraged in patients with osteoarthritis.
Implications for research
Despite the low number of trials, the relatively small number of patients randomised, and the low quality of the evidence overall, additional trials are difficult to justify. The benefit of joint lavage is small to minute and likely to be outweighed by safety concerns. RCTs in orthopedic surgery should be continuously advocated. The debate is ongoing, however, as to whether invasive sham interventions are ethically justified and should be seen as a gold standard for control groups in surgical trials (London 2003; Miller 2004) . Even if invasive sham interventions may be debatable, the continued resistance of the orthopaedic field to perform adequately powered randomised multicenter trials to compare selected surgical interventions with conservative treatment is hard to justify.
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Methods
Randomised controlled trial 2-arm parallel group design Test for overall effect: Z = 0.95 (P = 0.34) 
